C8-C10 methylsulfinylalkyl glucosinolates (GLs), and C8-C10 methylsulfonylalkyl GLs were identified in the seed of Arabis turrita L. by HPLC-MS/ESI analysis of intact GLs. Enzymatic (with myrosinase) and non-enzymatic (thermal at 100°C, and chemical at different pH) hydrolyses were performed and the volatile isolates were analyzed by GC-MS. Only the enzymatic and chemical (pH 10) degradations produced volatiles which are originating from GL degradation. GC-MS analysis showed the presence of long-chain olefinic isothiocyanates (ITCs) along with other the long-chain thiofunctionalized GL breakdown products.
Glucosinolates (GLs) are multi-functional secondary plant metabolites of great chemotaxonomical importance for classification within the order Brassicales and the Brassicaceae family. Many Arabis species contain significant concentrations of long-chain C8-C10 GLs, either alone or in combination with modified arylaliphatic GLs [2a, b] . Long-chain aliphatic GLs (C7-C10) are generally less common and restricted to a few species within the Brassicaceae [2a] . Nasturtium, Camelina, Neslia and certain wild Lepidium species contain aliphatic GLs with more than seven carbons in the side chain [2a-d, 3a] . Biscutella laevigata is also a particularly good source of 8-methylsulfinyloctyl GL [2a] . Capsella bursa-pastoris seed contains several methylsulfinylalkyl GLs, including 9-methylsulfinylnonyl GL (glucoarabin) and 10methylsulfinyldecyl GL (glucocamelinin) [2e, 3a] . To our knowledge, although some of these plants are known as food and medicinal plants -mostly due to the biological properties of GL breakdown products -information on the volatiles produced by long-chain GL degradation due to different influences is not available. Thus, the aim of this study was to identify GLs contained in Arabis turrita L. seed by HPLC-ESI-MS analysis of the intact GLs (Figure, Table 1 ) and to investigate degradation products obtained by enzymatic and non-enzymatic (thermal and chemical) hydrolysis. The obtained volatile extracts were subjected to GC-MS analysis and the results are given in Tables 1 and 2. The HPLC-ESI-MS analysis of the intact GLs revealed 6 GLs ie. C8-C10 methylsulfinylalkyl GLs, and C8-C10 methylsulfonylalkyl Table 1 ). Previous HPLC-MS analysis reported by Bennett et al. showed only 3 long-chain GLs, ie. 8-methylsulfinyloctyl-(glucohirsutin), 8-methylsulfonyloctyl-and 10-methylsulfonyldecyl GLs [2a] . Daxenbichler et al. [3a] and Cole et al. [3b] reported C3 and C8 methylsulfanylalkyl-, C8-C10 methylsulfinylalkyl-, and C8-C9 methylsulfonyl GLs by using GC-MS analysis of GL breakdown products (mostly isothiocyanates (ITCs)).
After enzymatic hydrolysis of the seeds and CH 2 Cl 2 extraction, 21 compounds (95.5 %) were identified, 13 of which (68.3%) originated from GL degradation. The volatile degradation products corresponded to 4 thiofunctionalized GLs also identified by HPLC-ESI-MS analysis: 9-methylsulfonylnonyl-(47.6%), 8methylsulfonyloctyl-(3.4%) ITCs and 9-methylsulfonylnonanenitrile (0.6%), 10-methylsulfonyldecyl-(0.9%) and 8methylsulfinyloctyl-(0.3%) ITCs originating from 9methylsulfonylnonyl-, 8-methylsulfonyloctyl-, 10-methylsulfonyldecyl-, and 8-methylsulfinyloctyl (glucohirsutin) GLs, respectively. In addition, GC-MS analysis revealed another previously reported thiofunctionalized volatile [3a, b] , 8-methylsulfanyloctyl ITC (0.7%), which can derive from the corresponding 8methylsulfanyloctyl GL. Volatiles originating from the degradation 9-methylsulfinylnonyl-(glucoarabin) and 10-methylsulfinyldecyl (glucocamelinin) GLs, identified by HPLC-ESI-MS analysis, were not detected.
Among volatiles, along with the thiofunctionalized GLs, long-chain olefinic ITCs and nitriles, also identified, originated from the corresponding intact GLs that were undetected by HPLC-ESI-MS analysis. Although the existence of the long-chain olefinic GLs in nature was reported by GC-MS identification of the GL breakdown products [2d], the report by Chiang et al. of 4-methylsulfinylbutyl ITC (sulforaphane) degradation to but-3-enyl ITC during GC/MS analyses put this report in question [4a] . The most abundant non-8enyl ITC (10.0%) can derive either from the corresponding non-8enyl GL (not confirmed by HPLC-ESI-MS) or from degradation of 9-methylsulfonylnonyl ITC, issued in turn from the 9methylsulfonylnonyl GL (confirmed by HPLC-ESI-MS). The presence of undec-10-enyl-(2.4%), oct-7-enyl-(2.1%), dec-9-enyl-(0.3%), and hept-6-enyl (Tr) ITCs also suggests the presence of the corresponding GLs, ie. undec-10-enyl-, oct-7-enyl-, dec-9-enyl-, and hept-6-enyl GLs, respectively, or breakdown of the corresponding methylsulfonylalkyl ITCs. In addition, stereoisomers of non-2-enenitrile (E/Z correct isomer not assigned) were identified by comparison of MS spectra with those in the Wiley library of different retention indices. The presence of these unusual nitriles can be suggested to originate from rearrangement of the non-8enenitrile terminal double bond. Non-8-enenitrile, not detected in the volatile isolates, can be formed through the known scheme of GL degradation [2b, e] from oct-7-enyl GL (not confirmed by HPLC-ESI-MS), or by degradation of the only other nitrile detected in the sample, 9-methylsulfonylnonanenitrile, which originates from the 9-methylsulfonylnonyl GL (confirmed by HPLC-ESI-MS). From b ) to g ): same as in Table 1 .
In addition to enzymatic hydrolysis, GL degradation into various volatiles can be induced thermally and chemically. In order to investigate thermal influence (100°C) on the present GLs, the dried plant material was subjected to hydrodistillation. Ten molecules representing 92.7% of the total volatile compounds were identified ( Tris) . According to the GL degradation products obtained by this analysis, the same GL profile can be suggested as in the case of the volatile isolate obtained after enzymatic hydrolysis. 9-Methylsulfonylnonyl-(35.7%), 10-methylsulfonyldecyl-(0.4%), 8-methylsulfonyloctyl (Tr) ITCs, 9-methylsulfonylnonanenitrile (Tr) and 8-methylsulfinyloctyl ITC (Tr) originate from 9-methylsulfonylnonyl-, 10methyl-sulfonyldecyl-, 8-methylsulfonyloctyl-, and 8methylsulfinyloctyl GLs, respectively (confirmed by HPLC-ESI-Glucosinolates in Arrabis turrita seeds Natural Product CommunicationsVol. 10 (6) 2015 1045 MS). In addition to the thiofunctionalized ITCs, long-chain alkenyl ITCs were also identified: non-8-enyl-(8.5%), oct-7-enyl-(8.3%), dec-9-enyl-(1.6%), undec-10-enyl-(Tr) and hept-6-enyl ITCs (Tr) originating from the corresponding long-chain olefinic GLs, ie. non-8-enyl-, oct-7-enyl-, dec-9-enyl-, undec-10-enyl-, and hept-6-enyl GLs, respectively. The acidic and strongly acidic conditions did not degrade GLs into ITCs and/or nitriles. Also, in contrast to the previous reports [6a-e] , no carboxylic acids that could correspond to the identified GLs were detected by GC-MS analysis (data no shown). Such observations showing that GLs easily degrade under basic conditions into their corresponding ITCs were previously reported in the study of Lunaria annua [6f] and Capsella bursapastoris [2e] seed. Thus, in contrast to previous reports of the acidic and basic GL hydrolyses [6d], the basic conditions using Tris buffer (pH 10) can easily degrade GLs, mostly into their corresponding ITCs, whereas acidic conditions (pH 0 and 2) are not appropriate for generating characteristic volatiles usually obtained by enzymatic degradation.
It is worth noticing that next to the major degradation products of C5 and C6 methylsulfanylalkyl GLs (glucoberteroin and glucolesquerellin) and methylsulfinylalkyl GLs (glucoalyssin and glucohesperin) of L. annua, the C5-C7 alkenyl volatiles were also present [6f]. A large number of degradation products identified in the volatile isolate belong to the long-chain olefinic GL degradation products that were not identified in the previous reports of A. turrita, nor of other Arabis species [2a, b] . According to previous reports, only prop-2-enyl GL (sinigrin) was identified as an olefinic GL in 3 species of Arabis [2b, 3a] . Those long-chain GLs can be important as chemotaxonomic tags of this species. However, such GLs were suggested previously only from their degradation products in other plants, e.g. hept-6-enyl GL, reported in Wasabi japonica [2b], and three long-chain unsaturated C8-C10 ITCs in autolysates of Nasturtium montanum, along with structurally related methylsulfonylalkyl long-chain ITCs [2d]. The corresponding GLs were concluded to exist in the intact plant. The suggested occurrence of alkenyl GLs in a plant also accumulating similar Metderived GLs seems likely. Contrary to GC-MS analysis, our HPLC-ESI-MS confirmed only thiofunctionalized GLs, and their conversion into olefinic ITCs during GC-MS analyses can be presumed. Hence, the isolation and purification of these long-chain olefinic GLs and recording of their NMR data should be performed in order to confirm their occurrence in nature [2c] .
With the exception of the above-mentioned molecules, all volatile fractions from the investigated species contained compounds devoid of nitrogen and sulfur (Table 2 ) -mostly hexadecanoic acid (5.1 -16.9%) and ethyl linoleate (19.5 -49.8%) in all volatile isolates. Next to these volatiles, the hydrodistillate contained a high concentration of dibutylphtalate (16.2%) and 6,10,14-trimethyl-2pentadecanone (9.8%).
Experimental
General: All the solvents employed were purchased from Fluka Chemie, Buchs, Switzerland. Anhydrous sodium sulfate was obtained from Kemika, Zagreb, Croatia. Myrosinase (βthioglucoside glucohydrolase; E.C. 3.2.1.147; 361 U g −1 ) from Sinapis alba seed was purchased from Sigma-Aldrich Chemie GmbH, Steinheim, Germany. Intact GLs were analyzed by highperformance liquid chromatography using an Agilent model 1100 (New Castle, Delaware, USA) equipped with a quaternary pump, automatic injector, diode-array detector (wavelength range 190-600 nm), degasser, and a Hypersil ODS column (5 m, 4.6 200 mm). The HPLC was interfaced to an Agilent model 6120 mass spectrometer (Toronto, ON) with a Chemstation data system LC-MSD B.03.01.GC analyses were performed on a gas chromatograph (model 3900; Varian Inc., Lake Forest, CA, USA) equipped with mass spectrometer (model 2100T; Varian Inc.) and VF-5MS capillary column (30 m × 0.25 mm i.d., coating thickness 0.25 m (Varian Inc.).
Plant material:
Arabis turrita L. seeds were collected near Split, Croatia, in June 2012 from a wild-growing population. The botanical identity of the plant material was confirmed by a local botanist, Dr. Mirko Ruščić from the Faculty of Natural Sciences, University of Split and the voucher specimens (no. ZOKAT2013) are deposited at the Department of Organic Chemistry, Faculty of Chemistry and Technology, Split, Croatia.
Thermal degradation: The essential oil was isolated by hydrodistillation in a Clevenger-type apparatus for 3 h using 3 mL of n-pentane-diethylether (1:1, v/v) for trapping. The whole airdried plant material (75 g) was mixed with previously heated H 2 O (500 mL). As a consequence of thermal degradation (at 100 °C), GL breakdown volatiles are found in the hydrodistillate. The latter was dried over anhydrous sodium sulfate and concentrated by careful fractional distillation to a small volume (ca. 1 mL), which was used for GC-MS analysis [6f].
Enzymatic hydrolysis:
Crushed and dried undefatted seeds (1 g) were homogenized separately with H 2 O (100 mL), and myrosinase (1) (2) Sigma) and left for 17 h at room temperature (ca. 30 °C). During this period, volatiles are produced from GLs by myrosinasecatalyzed hydrolysis, and from several different precursors by the action of other endogenous enzymes. Then, sufficient redistilled CH 2 Cl 2 (3  20 mL) was added, the mixtures were shaken for 30 min and separated by centrifugation for 5 min at 4000 rpm. The separated organic layer was dried over anhydrous sodium sulfate. The CH 2 Cl 2 layer was concentrated to 100 µL and kept (in a tightly closed vial) in a freezer at -20 °C until GC-MS analysis [6f].
Chemical degradation:
The seed meal was defatted with n-hexane in a Soxhlet extractor for 24 h. The hexane extract was analyzed by GC-MS and showed no GL breakdown products (data not shown). For chemical degradation of GLs in defatted seeds (10 g), different conditions were applied: basic (0.05 M Tris buffer), acidic (0.1 M HCl), and very acidic (2 M HCl). Fifty mL of CH 2 Cl 2 were then added to each flask, and the flasks were placed into an incubator shaker set at 25 °C and 200 rpm for 8 h. Following hydrolysis, sodium chloride and anhydrous sodium sulfate were added to the solution, which was mixed thoroughly. The CH 2 Cl 2 was filtered and the residual seed meal was extracted 3 more times with an excess of CH 2 Cl 2 . The combined crude CH 2 Cl 2 extract was evaporated under reduced pressure and analyzed by GC-MS [6f].
GC-MS analysis:
Chromatographic conditions were as follows: helium carrier gas at 1 mL min −1 , injector temperature 250 ºC. VF-5MS, column temperature was programmed at 60 ºC isothermal for 3 min, and then increased to 246 ºC at a rate of 3 ºC min −1 and held isothermal for 25 min. The injected volume was 1 μL and the split ratio was 1:20. MS conditions were: ionization voltage 70 eV; ion source temperature 200 ºC; mass scan range: 40-350 mass units. The analyses were carried out in duplicate [6f].
HPLC-ESI-MS analysis:
Seeds (516 mg) were frozen in liquid N 2 then ground with a mortar and pestle. The powder was extracted for 5 min at 80 °C in 2  5 mL EtOH-H 2 O (70:30 v/v). The solutions were combined and evaporated under reduced pressure. The extract (84.2 mg) was dissolved in 5 mL of EtOH-H 2 O (70:30 v/v) and filtered through a plug of cotton prior to HPLC analysis, which was performed by injecting a 10 L aliquot of the solution of crude extract into the HPLC-ESI-MS. The 2 mobile phase solvents, MeOH and H 2 O, were prepared with 0.15% Et 3 N and 0.18% HCO 2 H, added as ion-pairing reagents. Both solutions were filtered using 0.45 m nylon membranes. The initial mobile phase was 100% HPLC-grade H 2 O. At 10 min, the mobile phase was switched to a linear gradient of 100% H 2 O to 100% MeOH over 60 min. After each run, the initial mobile phase conditions were set and the system was allowed to equilibrate. The flow rate was kept constant at 1 mL/min. The column was maintained at room temperature. The electrospray interface was a standard ES source operating with a capillary voltage of 4 kV and temperature of 350 °C. The system was operated in the negative and positive ion electrospray modes. Nitrogen was used as nebulizing and drying gas at a flow rate of 10 L/min (35 psig). The mass spectrometer was programmed to perform full scans between m/z 100 and 1.000 [7] .
Identification and quantification:
Individual peaks of volatiles were identified by comparing their retention indices and mass spectra with those of authentic samples, as well as by computer matching against the Wiley 275-library spectra database and comparison of the mass spectra with literature data [2b, 8] . The percentages in Tables 1 and 2 were calculated as the mean value of component percentages on the VF-5MS column for analyses run in duplicate. The intact 9-methylsulfinylnonyl GL was identified by comparison of the retention time and the UV and mass spectra of an isolated authenticated standard [9] . Other GLs were identified from their degradation products and/or comparison of the specific product ion and its abundance in ESI --MS with those of the literature [2a] .
